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[57] ABSTRACT 

Filmless photon imagiag sensor plates and apparatus which 
are particularly effective in medical radiology and industrial 
applications including, but not limited to high resolution 
mammography. In combination, the sensor plates and appa- 
ratus provide rapid production of high resolution images 
which exhibit higher sensitivity and wider dynamic range 
than contemporary X-ray systems. Novel sensor plate struc- 
tures provide images having attributes of increased sensi- 
tivity; dual plate design providing increased pixel read-out 
speed and differential dual energy image production; and 
electrically isolated segments by which a plurality of pixels 
are read concurrently to reduce overall image processing 
time. Generally, the plates employ a homogeneous photo- 
conductive materia] such as amorphous selenium and arc 
read by exposing each pixel sized area to a small diameter 
scanning light beam. Using light beam scanning, resulting 
plate design promises low cost manufacture of both sensor 
plates and associated apparatus. Novel application of elec- 
tric fields during plate preparation, exposure and read-out 
provides improved sensor plate performance. A plurality of 
precisely-positioned light beams are scanned across the 
sensor through the use of a novel optical system employing 
an elongated light source disposed within a rotating dmm, 
the drum being generally opaque with a helical transparent 
pattern which in combination with a series of lenses and a 
slit provides the plurality of precisely-positioned scanning 
Hght beams. By changing slit and beam widths, variable 
resolution operation is achieved. 

35 Claims, 18 Drawing Sheets 
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FILMLESS PHOTON IMAGING APPARATUS 

This applicatioD is a divisional of application Ser. No. 
08/900^41, filed Jul. 25, 1997. 

HELD OF INVENTION 

This invention relates broadly to filmless x-ray and other 
photon imaging equipment and methods. For example, in 
particular, it relates to imaging apparatus having sufficiently 
high resolution and sensitivity to be safely and efficaciously 
applied to the area of mammography (x-ray breast imaging), 
yet having dynamic range characteristics which permit simi- 
lar safe and effective application to other imaging areas 
having lower resolution and higher sensitivity requirements. 
Further, this invention relates to imaging apparatus which 
rapidly digitizes an image for digital viewing, storing and 
transmitting. 

BACKGROUND 

X-ray imaging remains an important contemporary dis- 
cipline in medical technology. Use of X-ray processes arc in 
common practice in systems which range from real time 
images, usually of low resolution gastrointestinal sections, 
taken by image intensifier-vidicon chains, to single shot 
images, examples of which are chest and mammography 
studies, normally captured and processed on film. 

Although film based systems form the backbone of diag- 
nostic radiology today, presently there is significant moti- 
vation to find and employ improved methods. That motiva- 
tion comprises elimination of expensive and space- 
consuming photography development laboratories, of large 
film storage facilities, of levels of x-ray dosage required by 
fihn, of cost of silver halide film, of limited resolution in 
preferably low dose applications such as mammography, of 
finite and somewhat fixed sensitivity of film processes and 
of time and associated manpower required to process film 
itself and deleterious effect of film processing upon the 
environment. 

Even so, at this time, the majority of chest and mammo- 
graphic x-ray images are produced by film-based systems. A 
number of systems which produce images without film are 
currently being sold by FUJI Corporation of Japan, by 
Kodak and General Electric Corporations of the United 
States and by Siemans and Phillips Corporations of Ger- 
many. Generally, the majority of the above listed companies 
sell systems based upon E^JI technology which employs 
photo-stimulable luminescent methodologies. Somewhat 
differently, the Phillips system employs a selenium surface 
located on a rotating drum. Generally, these systems are used 
for chest x-ray imaging and other large body-area studies 
and have inherent resolution limitations. A first attempt to 
replace filmless mammographic x-ray processes, by Xerox 
Corporation, was abandoned due to high dosage require- 
ments. Succeeding refinements reduced x-ray dosage but did 
not compete well against a rising tide of screen film mam- 
mography. This attempt was based upon an electrostatic 
latent image impressed upon a selenium plate and developed 
in a manner similar to early produaion of Xerox photo- 
copying. 

While each of the currently marketed filmless systems 
promises to fulfill an existing market niche, for replacing 
film based systems, there remains existing radiology 
requirements for imaging systems which have not been 
heretofore fulfilled. These requirements include an increase 
in resohition and a reduction in x-ray dosage for all 
applications, but foremost for mammography, rapid visual 
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image production, low cost (especially for upgrading present 
film based systems) and wide dynamic range to void need 
for image retakes caused by over or under exposure are 
paramount for providing a commercially viable system. This 

5 instant invention provides innovative solutions to the above 
recited needs while providing a ready answer to other newly 
recited, but currently unreachable, objectives comprising 
fihniess image subtraction to draw low contrast images out 
from high density image shadows and placing x-ray capa- 

10 bility in heretofore imreadiable environments^ such as in 
emergency vehicles and the weightless environment of 
space. 

DESCRIPTION OF RELATED ART 

15 A review of general badcground, of art related to this 
invention prior to July, 1981, is found in U.S. Pat. No. 
4,521,808 (referred to hereafter as '808), issued Jun. 4, 1985 
to Ong, et al. In '808 and a number of related patents 
including U.S. Pat. No. 4,446,365 ('365) issued May 1, 1984 

20 to Ong, et al, U.S. Pat. No. 4,763,002 ('002) issued Aug. 9, 
1988 to Zermeno, et al. and VS. Pat. No. 4,539,591 ('591) 
issued Sep. 3, 1985 to Zermeno, et al., metiiods and appa- 
ratus for recording an electrostatic latent image by placing 
the latent image on a photoconductive layer of a multilay- 

25 ered detector apparatus are disclosed. Disclosure includes 
placing a uniform surface charge on the photoconductive 
layer, biasing of the photoconductive layer with an electric 
field whidi opposes the surface charge and discharging a 
portion of said surface charge by exposing the detector to a 

30 modulated radiation flux capable of generating electron hole 
pairs in the pbotoconductor to store an image in the detector. 
The image is read from the detector by scanning and thereby 
partially further discharging the surface charge with a small 
diameter photon beam to create a quantity of electron hole 

35 pairs which are carriers of charges representing the image. 
The electron hole pairs resultantly generate an electric 
current which is detected and used to form a digital embodi- 
ment of the image. In particular, '591 discloses pulse modu- 
lating a light source between two nanoseconds and ten 

40 microseconds to increase detector signal sU-ength, methods 
for removing "artifacts** due to prior images stored in the 
detector so the detector can be used repeatedly, repeated 
scanning of an image to produce successive images, reduc- 
tion of image development time by pulsing the light source, 

45 integrating current generated by each light pulse to deter- 
mine a digital pixel representation of the ^ot illuminated by 
the light pulse and circuits and methods for controlling an 
x-ray exposure and the effect of internal capacitance of the 
detector upon detector sensitivity and scan speed. In 

50 addition, segmentation of a plate into small sections to 
reduce detector capacitance and effects of reverse biasing of 
the detector to increase output signal strength are also 
disclosed. Although other photoconducting materials may be 
used, selenium is taught to be preferred. 

55 Generally, multilayered detectors comprise layers of pho- 
toconductive material and dielectric material sandwiched 
between conductive layers. U.S. Pat. No. 4357,723 ('723), 
issued Aug. 15, 1989 to Modisctte discloses segmentation of 
the conductive layers for the purposes reducing electrically 

60 detectable noise and providing for parallel readout of detec- 
tor pixels. Specialized apparatus and methods for reading 
out an image £rom a layered detector in a parallel mode is 
generally disclosed in U.S. Pat. No. 5,268,569 ('569) issued 
Dec. 7, 1993, to Nelson et al., U.S. Pat. No. 5,340,975 ('975) 

65 issued Aug. 23, 1994 to Vogelgessang and U.S. Pat. No. 
5354,982 ('982) to Nelson, et al. As an example, '982 
discloses a detector comprising a conductive layer adjacent 
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a pholocx)nchiciive layer which comprises a plurality of 
elongated parallel conductive stripes. The stripes are selec- 
tively scanned in a parallel mode to permit time-ordered 
detection of charge carriers produced within the photocon- 
ductive material. Charge carriers which arc generated in ao 
area between the slnpcs are read by the stripes adjacent the 
area. To accomplish reading of the entire detector area, 
electrical signals generated at each pixel area are integrated 
to achieve precise pixel measurement from a variety of 
signal waveforms. 

A decision tree for determining commercial viability of a 
filmless radiology system comprises five major inter-related 
factors. These five major factors arc resolution, sensitivity, 
dynamic range, cost and image processing time. The impor- 
tance of each of these factors is well demonstrated when 
reviewing needs associated with mammographic radiology. 
It is well known in the art that early detection of breast 
cancer requires regular and frequent screening. Early detec- 
tion involves willingness of each patient to periodically 
submit to a screening test, ability to detect very small 
anomalies (for example, detection limits in the range of 20 
line pairs/millimeter (Ip/mm)), exposing the patient to as 
low an x-ray dose as possible (as a target, to not greater than 
1 .0 Roentgen exposure dose per view), being able to deliver 
each breast image screening for a cost commensurate with a ^ 
patient's ability to pay on a continual basis and completing 
an examination within a reasonably short period of time. 
Currently, these requirements inter-relate to support a broad 
set of contemporarily marketed apparati and methods, rather 
than a single device or process, to effectively satisfy the ^ 
radiology market needs. 

Following is a summary of the factors considered to 
critically affect perceived product performance and accep- 
tance 

1. Resolution For a mammography application, a resolu- 
tion of 10 Ip/mm is considered adequate, but at least 20 
Ip/mm is preferred. For a system to be usefully employed 
across a spectrum which comprises both chest x-ray and 
mammography, a resohition range of 2.5 to 20 or greater 
Ip/mm might be desired. 

2. Sensitivity Generally, a prescribed radiation dosage is 
dependent upon detector sensitivity, but one who is 
skilled in radiology understands that dose is also depen- 
dent upon achieving a desired detector resolution. As 
an example, a dose which is considered standard for a 
mammography examination with an expected resolu- 
tion of 15 Ip/mm is approximately 1.0 Roentgen 
(exposure dose to the patient). It is highly desirable to 
achieve the same or higher resolution (20 Ip/mm or 
higher) with a lower dose. 

3. Dynamic Range A corollary to sensitivity is dynamic 
range, implied to more challenging aspects of physi- 
ologic imaging, such as requirements which must be 
met for mammography, dynamic range may be best 
understood by reviewing detail and quality of images 
achieved through the use of Xeroradiography (based 
upon an amorphous selcniimi sensor) and compared 
against present-day film-screen images. Xeroradio- 
graphic images readily provided a clear vision of not 
only breast tissue but also of breast structure and matter 
in the vicinity of the axillary tail and lymph nodes 
deeply imbedded near the chest wall. As is well known 
in medicine these near-chest wall regions are predomi- 
nant areas where tumors originate and are often difficuh 
to see. Even today, film-screen images do not provide 
such breadth of detail in a single imagp. Broader 



dynamic range of selenium provided opportunity for 
achieving an image with such greater detail in a picture 
taken by a single x-ray dose rather with picmres taken 
by multiple doses by contemporary systems having a 
smaller dynamic range. In addition, broad dynamic 
range can provide opportimity for acquiring a more 
complete and diagnostically perceptible image even 
when a given x-ray dose might lead to unacceptably 
poor images which are either over or under exposed in 
systems with less dynamic range such as film or film 
screen systems. As one who is skilled in digital image 
processing understands also, providing an image hav- 
ing visually interprctable presentation implies acquir- 
ing and storing data which has more detail (more binary 
data) in each pixel. Thus, a dynamic range of twelve to 
fourteen binary bits of binary data (greater than three 
decades of exposure from black to white) per pixel is 
generally preferred. 

4. Imaging Processing Time In digital systems, imaging 
processing time is generally, directly related to the 
number of pixels in a given image. In the case of 
mammography (assuming 20 Ip/mm, and 24 centimeter 
by 30 centimeter detector plate size) the number of 
pixels may exceed 115,000,000 in one image. As an 
example, if a reasonable processing time is determined 
to be 90 seconds, the average processing time per pixel 
should not exceed 8x10''' seconds. 

5. Cost is a product of many variables, some of which are: 

a. Amortization of cost of changing over to filmless 
imaging; 

b. Cost of detector plates (which should be reusable); 
C. Image processing and other technician related time; 
d- Image storage and retrieval; and 
e. Compatibility with diagnostic processing. 

Of course, cost may be reduced by using a system which 
eliminates need for a film developing-and processing 
laboratory, for storage and retrieval of film and for fihn 
image digitization before employing teleradiography. 
Even so, the character of 1 5 contemporary medicine 
dictates that great care must be taken to assure a user 
that change will be cost effective. Currendy, average 
billed cost of a mammogram is considered to be well 
over $50.00 per screening procedure (see November 
1995 issue of Diagnostic Imaging). At the current cost 
level, it is thought that many women, who are candi- 
dates for breast cancer, are not taking advantage of 
mammographic screening and are therefore increas- 
ingly at risk. 

6. Other Of course, there are other product features which 
do not fall into the above categories, yet which affect 
product viability. Some of which yield to novel solution 
within the scope of this invention comprise: 

a. Dual energy imaging for separating low absorption 
image data from the shadow of high absorption 
material. 

b. Use of intensifying screens (similar to use of phos- 
phor intensifying screens in film screen systems) to 
absorb x-rays and permit use of photoconductors 
which are significantly faster hole conductors than 
selenium or to absorb x-rays to permit use of a 
thinner photoconductor. 

65 Following is a table which provides definitions, within the 
scope of this disclosure, of comparative values for each of 
the critical factors. 
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Factor 


Low 


Medium 


High 


Resoliuion 


< four line 


fom to ten Uoc 


> ten line 




pairs/millimeter pairs/millimeter 


pairs;/milUmetei 


Per Pixel 


<40,000 


40,000 to 10 


>10* pixels/ 


processing rate 


pixels/second 


pixels/second 


second 


[80 X 10^ pixel 


I>2000 


[80-2000 


[<80 seconds) 


Imaging time] 


seconds] 


seconds] 




Cost (Plate or 


cSl,000 


SI .000 to 


>$]0,000 


Sensor) 


each 


$10,000 




Sensitivity 


>.17* 10-2 


.15 to .17* 10"' 


<.15* 10^2 Gy 


(mean glandular 


Gy 


Gy 




dose measured 








using a 








manunogra ph y 








phantom) 








Dynamic Range 


< four wedge 


four to six wedge 


>six wedge 


(lowest 


steps (<9 


steps (9-10 binary 


steps (>10 


sensitivity to 


binary bits) - 1 


bits) - Approx. 2 


binary bits) • 


saturation) 


decade of 


decades of 


>3 decades of 




relative 


relative closure 


relative 




exposure 




exposure* 



*c.g, range between black and white can range from 1 mR to 1000 oiR or .3 

mR to 300 mR, etc 
Where: 

> means greater than 

< means less than 

Gy - 10^ red - 10^ cOy 

making the low, medium, high Gy ranges in the above table, respectively: 
.170 cGy, .15 to .17 cGy, .15 cGy. 



signal is dependenl upon carrier mobility through the pho- 
loconductive material, which determines charge migration 
time through the photoconductor and effective RC time 
constant of the signal-detecting circuit. Migration time (t) 
across a photoconductor having a thickness (I) is approxi- 
mated by: 



M*/MV 



Eq.l 



BRIEF SUMMARY AND OBJEtTTS OF THE 
INVENTION 

In brief summary, these novel inventions and inventive 
processes, when used in innovative combination, alleviate 
all of the known problems related to providing a commer- 
cially viable, high resolution, fihnless, photon imaging appa- 
ratus. The combination involves use of one or more detector 
plates, each being similar in form to the photon plate 
detector disclosed in '002, but having novel changes 
required to satisfy perceived product and application needs. 

As in the case of the detector plate of *002, each detector 
plate comprises a sandwich made up of a plurality of layers 
comprising a first conductive layer adjacent one side of a 
photocooductive layer. A dielectric or non-conductive layer 
is disposed adjacent the other side of the photoconductive 
layer. On an opposite side of the non-conducting layer, a 
thin, at least semi-transparent second conductive layer is 
disposed. The detector captures a latent photooically- 
generated image in the form of an array of charges stored at 
the interface between the photoconductive and non- 
conducting layers. Very small area units of the charge array 
are converted upon readout to electric signals which are 
stored as an array of pixels from which a video image is 
created. 

While each of the aforementioned factors are critical in 
determining overall acceptance and therefore ultimate com- 
mercial success of products based upon the invention, image 
processing time may have greater visibility to both patients 
and radiology technicians than some of the other factors. In 
presently known systems, a digital equivalent of image 
intensity of each pixel is derived by integrating an output 
waveform which results from exciting a pixel sized spot by 
a thin light beam, such as a light beam focused from a laser 
light source. When the light beam first stimulates a darkened 
area of a previously exposed detector, a portion of the 
detector photoconductor is excited to produce charge carri- 
ers permitting charge stored in the detector to flow to a 
signal-detecting circuit. The sensing period of the detected 



where M is the photoconductor's mobility constant and V is 
10 a biasing voltage across the detector. Note that the migration 
time increases by the square of the thickness of the photo- 
conductor. 

A novel detector plate sandwich, which is within the 
scope of this invention, takes advantage of thickness to 

15 migration time relationship by effectively placing two detec- 
tor plates, as disclosed in '0CK2, with a first conductive layer 
of one detector plate disposed adjacent a first conductive 
layer of the other detector plate to form a single, double- 
layered detector. Of course, the two first conductive layers 

20 can be a single layer of material. As one who is skilled in 
'002 detector construction understands, this novel detector 
sandwich must be read from both sides of the double-plate 
detector to recreate a complete image. Formnately, each at 
least semitransparent layer is accessible from opposite sides 

25 of the double-layered detector for ready access by an excit- 
ing optical readout signal. Access is also provided for leads 
from the conductive layers to signal measuring circuits. 

In a first double-layered detector embodiment, the com- 
bined first conductive layers are made suf&cienlly thin to 

30 pass x-rays without signiJ&cant loss. 

In a preferred embodiment, thickness of the two photo- 
conductor layers combine to be substantially the same 
thickness as a photoconductor layer of a single-layered 
detector, similar to that disclosed in '002. In this manner, the 

35 same radiation absorbing power is resident in both the 
double -layered detector as in the single-layered detector. 
However, migration time of the double-layered detector is 
one fourth the time of migration of the single-layered 
detector, reducing total time to process a signal by approxi- 

40 mately a factor of four. In this embodiment, images are 
derived from both sides. A final measured signal for each 
pixel is the sum of signals from pixels from the same 
coordinates of each layer. 

In film based radiology, it is now well known that 

45 information related to less dense material can be derived 
from the shadow of more dense material by interposing a 
layer of ahiminum or other radiation absorber between two 
layers of film. The film -aluminum-film layers are irradiated 
resulting in production of an image in each of the two fihn 

50 layers which, if subtracted one fi^m the other reveals an 
image of material otherwise hidden in the shadow. Another 
embodiment of the double-layered detector involves 
increasing the combined thickness of the first conductive 
layers to selectively absorb a predetermined energy level of 

55 x-rays by means of the layer of aluminum just disclosed. In 
this embodiment, pixel images are derived from both sides, 
preferably simultaneously. The final measured signal for 
each pixel is the difference of signals from pixels of each 
layer. 

60 As taught in '002, a single-layered detector plate may be 
modeled as a pair of serially connected capacitors when the 
detector plate is not being bombarded by photons. One 
capacitor, CI, comprises the first conductive layer and the 
surface on the other side of the photoconductive layer. A 

55 second capacitor, C2, comprises the same surface on the 
other side of the photoconductive layer and the thin second 
conductive layer. To reduce detector noise, and thereby 
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improve cfetecior signal-to-noise ratio, during read out, it is beam. Even so, achieving a high resolution image with 

highly desirable to minimize the area of at least one of the multiple Light beams is not trivial. Accuracy and constraints 

conductive layers. As mentioned above, it may also be of precision compound structural reliability and calibratioQ 

desirable to arrange the detector plate such that pixels can be considerations. 

readout at the same time. 5 To solve these problems, a novel multibeam light source 

For parallel operation, each second conductive layer is which inherently constrains each light beam in tight toler- 

segmented along a line which is perpendicular to the general ance relationship with all other light beams in a sensor 

direction of scanning by the light source. Each segment is provides an opportunity for a high speed, high resolution 

electrically separated from an adjacent segment by a non- reader. The sensor employs a hollow opaque, cylindrical 

conducting space. It is preferred that the non-conducting lO drum having a helical pattern of transparent pathways 

space be in the form of a thin line which is not wider than through which light is transmitted from the internal cylinder 

the diameter of the scanning light beam, however wider of the drum to a plane exterior to the drum, 

non-conducting space separation is within the scope of this Light is guided from a source which is disposed parallel 

invention. Such non-conducting spaces may be created in to the exterior surface of the drum and lengthwise along the 

the second conductive layer either mechanically, chemically 15 axis of the drum through a narrow pwrtion of the exposed 

or by laser milling. When pixels are sampled in the vicinity helical pattern. Lenses and optical stops further narrow the 

of a non-conducting space, signals firom sunounding seg- light beam to dispose a pattern of thin light beams projecting 

ments are summed. As an example, when a light beam is outward from the drum. The light beams are focused and 

scanned across a first segment and then over the non- directed to engage predetermined pixel areas on a sensor 

conducting space between the first segment and space 20 plate similar to the sensor plates disclosed heretofore, 

adjacent, such summing permits access of all pixels within In a preferred embodiment, the sensor plate is securely 

the non-conducting space with minimal loss of pixel data. affixed to remain static while the drum is rotated and 

Within the scope of the invention, segments may be in translated laterally relative to the sensor plate. In this manner 

alignment with the direction of light scanning, but an each pixel of the sensor plate is read as the drum passes 

increase in complexity and cost may make this approach less 25 across the sensor plate. Relative linearity of the helical 

desirable. Note that, by segmenting, by simultaneously pattern provides excellent accuracy and precision of the 

applying a plurality of precisely positioned light read-out multiple beams which are directed upon separate segments 

beams, and by selectively attaching a plurality of signal of the sensor plate. Light is pulsed from the light sotirce to 

detecting circuits, the stored detector image can be readout further isolate adjacent pixel areas and reduce effects of light 

in parallel steps to reduce readout time and consequently 30 spot smearing due to light beam motion. Also, light from the 

reduce image processing time. drum may preferrably be directed to subtend an angle which 

A further reduction in readout time can be achieved by is not orthogonal to the sensor plate and which thereby 

thinning each photoconductive layer to reduce migration reduces scatter of the light to unexposed parts of the sensor, 

time. Such thinning is achieved within the scope of the In a preferred orientation, the axis of the drum, and 

invention by placing a phosphor screen over the second 35 therefore the multiple light beam alignment, is canted rela- 

conductive layer while exposing the detector to image- tive to the direction of linear motion of the drum to 

storing radiation. Such phosphor screens are commercially "orthogonalizc" pixels rcad-from the plate sensor. Note, that 

available. An example of a phosphor screen capable of if the axis of the drum is not so canted, row and column 

providing 20 Ip/mm is Kodak Min-R Intensifying Screen, pixels will not lie in true orthogonal relationship, but by 

available from the Kodak Company of Rochester, N.Y. 40 canting the drum, pixel data is made orthogonal with one 

If the selected phosphor screen absorbs significant coordinate of the data being parallel with drum translation, 

radiation, photoconductive materials such as silicon may be Another method for making pixel data orthogonal is by 

used to replace selenium. maintaining the drum axis at a different angle than the above 

Note that silicon has a much higher mobility constant than described canted angle and varying timing of each first pulse 

selenium. Since silicon has a much higher mobility than 45 in each line of pulses in a manner which makes the x and y 

selenium, readout time is markedly shortened. Also, a thin- data orthogonal. However, in this case, neither the x nor the 

ner A-Se layer may be used thus reducing migration time. y pixel data coordinates are orthogonal to direction of U-avel 

Even considering a combination of all of the methods for of the drum, 

varying sensor design, it may not be possible to produce a As mentioned, heretofore, a very important factor which 

system having a sufficiently fast image processing time by 50 affects user acceptance and is therefore of paramount impor- 

changes to the sensor plate alone. In this case, it is likely that tance in perceived usefulness and commercial success of a 

parallel processing of pixels is necessary. As an example, if digital imaging system is image processing time for a given 

a pixel processing time is on the order of 25 microseconds sensor size. A major determinant in image processing in a 

and an average pixel processing period is desired to be 0.5 digital system is the number of pixels to be processed, 

microseconds, about 50 pixels would have to be processed 55 Generally, the lower the resolution, the faster the image 

at the same time. A somewhat parallel processing detector is processing time. Often, also, the lower the targeted 

disclosed in U.S. Pat. Nos. 5,268,569 (Nelson et al.) and resolution, the greater the desired sensitivity. In a novel 

5340,975 (Vogelgesang) wherein die degree of parallel fashion, this invention provides a selectable, variable image 

processing is limited by a number of stripes passed over by processing time with variable sensitivity and resolution, 

a single beam of light Detector plate readout is multiplexed 60 Cbntrols are provided by which optical stop width, light 

by scanning numbers of separate stripes in one conducting beam pulse width, drum translational and rotational speed, 

layer of a detector plate or by pulsing of the light beam as spacing between drum axis and sensor plate and angle of 

it travels ever the stripes. canting between drum and direction of drum travel are 

However, as only one pixel can be read from any one changed to-effect, in a predetermined fashion, pixel spot size 

segmented section of a sensor plate at one time, a plurality 65 and light intensity, providing a novel combination by which 

of light beams is considered the best way to speed readout variable resolution, sensitivity and image processing time 

beyond simple improvement in read-out speed using a single are profitably realized. 
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Aprimary factor which affects achieving a broad dynamic It is another imporlanl object to provide a layered pho- 

range, high sensitivity and high resolution is system noise. toconductive sensor plate for a filmless x-ray processing 

System noise is a statistical accumulation of noise from system having multiple parallel photooonductive layers by 

many sources comprising sensor plate acoustical vibration, which measurement comparisons may be made among the 

sensor plate gcomeuy and homogeneity variations, sensor 5 layers to images subtracted one from another to produce 

plate capacitance, amplifier noise and gain and offset dif- diiffercntial images from which high energy pixel compo- 

ferences from amplifier to amplifier, spatial and temporal nents have been expimged. 

variations which produce differences in light beam intensity It is still another impoitant object to provide a filmless 

and light pulse rise times. Wherever possible system noise x-ray processing system which produces images from a low 

should be reduced by periodic calibration. For example, lO cost single sensor plate comprising multiple conductive 

noise inherent to individual sensor plate characteristics is layers. 

masked by reading a known image standard from the plate. These and other objects and feamres of the present 

storing the standard in a digital memory and subtracting, on invention will be apparent fi-om the detailed description 

a pixel by pixel basis, the standard from each processed taken with reference to accompanying drawings. 

SLd°L.«r;i;^r.o^ol^p^^^ " BRIEF DESCRIFHON OF THE DRAWINGS 

noise ratio. One novel method of improving the signal to FIG. 1 is a cross section of a layered sensor plate disclosed 

noise ratio which has been determined to be surprisingly in earlier related art. 

effective involves applying a reverse polarity upon a detec- FIG. 2 is a cross section of a layered sensor plate similar 

tor plate while the plate is being exposed. These and other 20 to the plate seen in FIG. 1, but having one layer segmented, 

methods and related apparatus specifically employed to pj^ 2A is a perspective representation of an imaging 

improve the signal to noise ratio hereafter clearly affect portion of the segmented sensor plate of FIG. 2. 

resolution, sensitivity and overall system performance. 3 ^ ^^^^ ^^^^^ ^ ^^^^^ 

Accordmgly, it is a pnmary object to provide a photon- ^ ^ comprising an additional 

based miage proccssmg system which operates without film 25 , ^j^^ ^^^^^ ^^^^ segmented layer, 

to produce an miage havmg a resolution m excess of 10 line v^,^ /- - r t / 1 . u ■ 

pairs per millimettr. 4 is a cross section of a layered sensor plate having 

It is a key object to provide a filmless x-ray image ^ photoconductive layers separated by a centrally dis- 

processing system having a resolution in excess of 20 line posed conductive layer. 

paiis per millimeter. 30 P^G. 5 is a cross section of a sensor plate similar in 

It is another key object to provide a filmless x-ray image construction to the double photoconductive layered sensor 

processing system having selectably coolroUable resolution Pl*^® seen in FIG, 4, but having a pair of centrally disposed 

such that, as an example, resolution may be traded-off conductive layers separated by a middle non-conducting 

against image processing time when lower than maximum layer. 

resolution is not required and factors controlling resolution 35 FIG. 6 is a schematic representation of application of 

may be varied as a trade-off for faster image development. voltage across conductive layers of a sensor plate while the 

It is another primary objea to provide a filmless photon sensor plate is being charged. 

image processing system which produces a digital replica of FIG. 7 is a schematic representation of a step during 

an image having 115 million pixels in less than 90 seconds. which the conductive layers are shorted before exposing the 

It is yet another primary object to provide a filmiess 40 sensor plate to photon radiation to record an image on the 

photon image processing system which extracts an image plate. 

from a sensor plate, pixel by pixel, by shining a beam of tight piG. 8 is a schematic representation of application of a 

upon an area from which a selected pixel is to be digitized reverse bias voltage during exposure of image-producing 

as part of a complete image array and which processes more radiation upon the sensor plate. 

than one pixel at one time by shining multiple beams of light 45 pjQ 9 ^ schematic representation of a single amplifier 

upon the sensor at the same time. voltage being connected to the sensor plate while a 

It is a fundamental object to provide a filmless photon ^ean, is selectively traced across the plate to excite, on 

processmg system which produces unages by shining con- ^ pi^ci ^y pixel basis* discrete areas of the plate to thereby 

current multiple beams of tight upon the sensor such that tiie j^^d a previously recorded image &om the plate, 

accuracy of each of the multiple beams of light have an 50 ^ ^^^^ ^ j^^j ^^^^ ^^^^^ ^ 

accuracy and precision of position and digitized value of ^ ^^^^^^ digitize data read from the sensor plate, 

each denved pixel compared with other surrounding pixels • t j- * c 1 

. , . • / . -.1. - L • I r FIG. 11 IS a block diagram representation of a single 

that IS consistent with an image array havmg a resolution of j-n r »i. • 1 • - „ c nr' ia 

. preamplifier of the pixel sensmg circuit of FIG. 10. 

20 fine pau-s per milhmeter. ^ ^ _^ ^ r i j- 

It is a basic object to provide a filmless photon processing 55 . ^ ^. ^ schematic representation of a signal condi- 

system having superior image producing characteristics tioning cu-cmt. 

which comprise a combination of a high resolution mode (on ^ schematic representauon of a sensor plate 

the Older of 20 line pairs per millimeter), fast image pro- whereupon catibration and plate identification are disposed, 

cessing (of up to 115 million pixeU in less than 90 seconds) Pl^l. 14 is a block diagram of a digital image processing 

and vital sensitivity (which produces an image with lower 60 system which processes images fi-om sensor plates such as 

dose than current film based systems) at a cost which is l^ose seen in FIGS. 1-5. 

competitive with contemporary digital and film-based imag- FIG. IS is a block diagram of a pixel sensing circtut 

ing systems. subsystem which is an extension of the circuit blodc dia- 

It is an important object to provide a photoconductive grammed in FIG. 10. 

sensor plate for a filmless photon processing system having 65 FIG. 16 is a block diagram of a demonstration test unit 

two separate parallel photooonductive layers comprising used to demonstrate high resolution image processing from 

stored images which are individually processed. a digital plate. 
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FIG. 17 is a block diagram of a mechanical portioa of a seriatim, a superiorly disposed (top) conductiog layer 102, 

digital image processing system. an insulating layer 104, a pholoconductive layer 106 and an 

HG. 18 is a perspective of a drum or cylindrical scan tube inferiorly disposed conductive layer 108. Generally, there is 

which is part of the digital image prt)cessing system of FIG, a blocking layer interposed between photoconductive layer 

17^ 5 106 and conductive layer 108, but such is not shown in 

FIG. 19 is a perspective ofa multiple light beam projector ^IGS. 1-5 as the photoconductive material of layer 108 is 

which comprisTs the drum of HG 18 for the purpose of o^en made from alummum which mhercntly comprises an 

simultaneously reading a pluraUty of pixel dau from a alummum oxide layer which performs as the blocking layer, 

sensor plate. Although other materials may be used, present prefer- 

FIG. 20 is a schematic diagram showing the shape of a '° ^ 1°^^°^ ^° ^^^^^^ OTO) for layer 102 and polymer 

pixel area scanned by the drum scan tube seen in FIGS. 18 ^^^^ Amorphous sdcmum is preferred for most 

sensor applications for layer 106, although, in some cases, 

. f.. J amorphous silicon or other photoconductive material may be 

of RG is'' '° Pe-sp^fve of the dnmi scan tube ^^^^ ^^^^^^^^ above, aitunmum is commonly used for 

^ ' 1^ layer 108. Of major importance in selecting materials for 

FIG. 22 is a cross section of a segment of an assembled ^^^^ ^ assurance of optical photon transmis- 

cylindrical scan tube and associated optics. ^j^-jy ^ especially important when amorphous selenium 

FIG. 23 is a graphic showing pattern of data read by a js used in layer 106 that layers 102 and 104 are relatively 

traveling and rotating drum when the longitudinal axis of the transparent to light having a wavelength in the range of 

drum is disposed perpendicular to direction of translational 20 400-500 nanomeieis. 

travel of the drum scan tube. ^ ^j^^^jy disclosed in '002, one of the major deterrents 

FIG. 24 is a graphic showing orthogonal pattern of data ^ jjigj, sensitivity is a low signal to noise ratio which is 

when the drum scan tube is selectively angularly disposed afifected in part by capacitance of sensor plate 20. A primary 

relative to direction of translational travel of the drum scan method for reducing effective capacitance of sensor plate 20 

luhe. 25 accomplished by segmenting one of the conductive layers 

FIG. 25 is a graphic showing angle of a plurality of helical into a plurality of electrically isolated conductive areas or 

optical paths disposed upon the surface of the drum. strips. An example of such segmentation is seen in configu- 

FIG. 26 is a cross section of a variable sht used as a ration 109 in FIGS. 2 and 2A. In FIG. 2A, note that layer 102 

programmable optical stop in a variable resolution drum- is divided into eight separate image-producing segments, 

based readout system. 102A-H. It should also be noted that division of layer 102 

FIG. 27 is a cross section of a pivot arm used to vary into eight segments is for example only and layer 102 may 

width of the variable slit of FIG. 26, be divided into various numbers of segments as desired and 

FIG. 28 is a block diagram representing an image acqui- ^ ^ disclosed hereafter, 

sition system including a pixel sensing circuit similar to the 35 Electrical isolation of each segment from other segments 

circuit seen in FIG. 10, a mechanical portion as represented only reduces capacitance, but permits each individual 

in FIG. 17 and a central processor. segment to be accessed separately from the others for 

readout. Such separate access allows different segments to 

DETAILED DESCRIPTION OF THE be sampled and individual pixels to be processed at the same 

ILLUSTRATED EMBODIMENTS ^ time, thereby providing an opportunity for parallel or con- 

lo i\Z description, the term proximal is used to indicate ^^^^ ^"^"^ ^ P^^^^^y segtnents or strips simul- 

the segment of the device normaUy closest to the object of taneously to reduce unage processing time. For such 

the sentence describing its position. The term distal refers to Purposes, each segment 102A-H is connected to a si^al 

the other end of the device. Reference is now made to the processing circuit which fimctions to filter and amplify 

embodiments illustrated in HGS. 1-29 wherein like numer- 45 ^^^^^"^^^ ^'Snals cmanatmg from that segment, 

als are used to designate like parts throughout. Central to a Segments 102A-H are separated by spaces, generally 

fihnless digital photon image processing system which has numbered 110. Width of spaces 110 between segments 

the attributes of high resolution, rapid image processing 102A-H should be wide enough for electrical isolation, but 

time, high sensitivity and low cost with a broad or high narrow enough for charge carriers to electrically influence 

dynamic range is innovative layered photon plate sensor 50 segments adjacent to affected segment 110. 

technology, exemplary embodiments of which are seen in is preferred that width of spaces 110 be in the range of 

FIGS. 1-5. However, sensor technology alone does not 5-20 microns, although other widths may be used within the 

assure those attributes. Other elements which are part of a scope of the invention. 

system 10 seen in block diagram form in FIG. 14 must all Referring to FIG. 2, note that superior to layer 102 is a 

be usefully combined for that purpose. As seen in FIG. 14, 55 transparent protective layer 112. Of course, layer 112 must 

system 10 comprises a sensor plate (which may be of various be suEBciently non-conductive to provide elearical isolation 

forms as seen in HGS. 1-5 and is generally designated by for each segment 102 A-H. It is also preferred that layer 112 

the numeral 20), a scanning system 30, signal processing be applied as a liquid to permit spaces 110 to be filled. Layer 

electronics 40 and a computer controller and image proces- 112 should also be of sufficient hardness to act as a protec- 

sor 50. 60 ^ve layer for layer 102. In addition, layer 112 may be used 

Interactive structural and electrical interfaces between to provide an hermetic seal and as an anti-reflective coating, 

elements of system 10 are disclosed in detail hereafter, but Materials which can be used for layer 112 arc commercially 

first, attention is directed toward innovative elements of available and well known in the electrical insulator and 

sensor plate 20. Reference is now made to FIG. 1 which is optics art. It is also preferable to provide an anti-tcflective 

a cross section of a sensor plate previously disclosed in prior 65 ^^y^r ("O^ shown) between layers 106 and 104. 

art such as '002. In FIG. 1, sensor plate 20 comprises a U.S. Pat. No. 4,763,002 (002), issued in 1988, discloses a 

layered configuration 100. Configuration 100 comprises^ in phosphor screen layer (not shown) interposed between an 
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ITO layer (such as layer 102) and a selenium layer (such as produce a differential image. Dual energy imaging is par- 
layer 106). A different and novel use of a phosphor screen is dcularly applicable to mammography v^erein an image 
seen as part of configuration 113 in FIG. 3 wherein a captxircd in bottom photoconductive layer 106 comprises 
phosphor screen 114 is disposed above a superior transpar- skin and soft tissue and an image captured in top photocon- 
ent insulating layer, such as layer 112. Note, that in this 5 duclive layer 106' records anomalies such as calcification. In 
manner, phosphor screen 114 may be used in particular when the case where layer 108 is too thin to provide structural 
extra sensitivity is desired. Further, phosphor screens having support for configuration 120, it is advisable to mount 
different mesh sizes may be used to achieve distinct reso- configuration 120 upon a clear glass or other material 
hition characteristics for different imaging purposes. In substrate for structural stability. Having the facility of a dual 
x-ray applications, use of such a screen 114 can reduce dose jq plate permits a differential image to be captured with a single 
to a patient. Such phosphor screens are available in the x-ray exposure eliminating double x-ray exposure proce- 
film -based x-ray image processing art. Care must be taken in dures necessary with single layer receptors. Such facility 
selecting screens as resolution is limited by screen mesh size also eliminates problems related to patient movement 
and the screen preferably should have luminescence in the between procedures requiring double exposure steps, 
range of 400-500 nanometers (the range where selenium is jg In configuration 130, sensor plate 20 is seen to comprise, 
most sensitive). An additional advantage of phosphor screen in seriatim from superiorly disposed to inferiorly disposed 
114 use is an opportunity to reduce the thickness of photo- position in FIG. 5, an insulating layer 112, a segmented 
conductive layer 106. As an example, for selenium, layer conductive layer 102, a non-conducting layer 104, a photo- 
106 may be reduced by a factor of 10 through the use of a conducting layer 106, a relatively thin conducting layer 108 
screen 114. Such reduction would decrease charge transport 20 3° x-ray transparent layer 132. Then, in mirror image 
time within the photoconductive layer and, in this example, orientation, confiiguration 130 further comprises another 
would reduce image processing time by a factor of 100. photoconductive layer 106', another non-conducting layer 
Screen 114 also provides an opportunity to use a material 104', another segmented conducting layer 102' and an infe- 
different from amorphous selenium such as amorphous nor insulating layer 112*. 

silicon which, due to more r^id migration time in silicon, 25 In one application, the combined thickness and therefore 

yields a still more rapid image processing time. In all c:ases, the photon image capture capacity of layers 106 and 106' in 

screen 114 should be removed when reading an image from FIG. 5 is the same as, for example, thickness of layer 106 of 

sensor plate 20. FIG. 2. Since charge migration time is a function of the 

Novel examples of double layered photon sensor plates square of the thickness of a pbotoconductor (see Eq. 1), each 

configurations, from which two images of the same object 30 pixel of an image can be processed (read) from configuration 

are recorded simultaneously, are seen in FIGS. 4 and 5. In 130 at four times the rate (one-fourth the time) as a pixel of 

FIG. 4, a configuration 120 comprises, in seriatim, a superior an image processed from configuration 109. As configura* 

insulating layer 112, a segmented conductive layer 102, a tion 130 is symmetrical about a center line drawn through 

non-conducting layer 104, a photoconducting layer 106 and layer 132, use of configuration 130 is the same when upright 

a conducting layer 108. Then, in mirror image orientation, 35 or inverted. When configuration 130 is used as a higher 

configuration 120 further comprises another photoconduc- speed image processing sensor plate, layers 108 and 108' 

tive layer 106', another non-conducting layer 104', another should be sufficiently thin to pass x-rays without marked 

segmented conducting layer 102' and an inferior insulating degradation. To produce a complete image in this 

layer 112'. Note that segmenting of layers 102 and 102' application, digital data derived from each of the two pixels 

provide image processing and signal to noise advantages, 40 having the same planar coordinate are summed to provide a 

but that layers 102 and 102' may also be non-segmented final digitized value for the pixel to be displayed for that 

within the scope of the invention. Similarly, utilizing layers coordinate. 

112 and 112' offers advantages, as described heretofore, but The interrelated factors of resolution, sensitivity and 

use of such is not necessary within the scope of sensor plate dynamic range arc all affected by the effective noise inherent 

inventions. 45 in all elements of an image acquisition and processing 

One novel application of configuration 120 is provided by system, such as system 10. Of primary concern are the 

making layer 108 sufficiently thick to filter lower energy elements associated with sensor plate 20. Reference is now 

radiation from that half of the sensor plate away from the made to FIGS. 6-9 wherein a sequence of voltage applica- 

x-ray radiation source. As an example, it is standard practice tion steps related to various stages of image acquisition are 

in film based x-ray imaging to use an aluminum sheet, 50 seen. For purposes of example, sensor plate configuration 

interposed between two film layers, as a filter to shield film 100 is depicted in FIGS. 6-9, although other sensor plates 

against unwanted radiation. In configuration 120, layer 108, being similar in form and function to configurations seen in 

is sufficiently thick to be a filter to deprive layers distal to the FIGS. 1-5 may be processed using steps outlined herebelow. 

x-ray receiving surface firom low energy radiation. In this The steps are similar to steps disclosed in '591, except for 

manner, radiation reaching the distal layers is purged of low ss an innovative change clearly disclosed hereafter, 

energy photons (x-rays). Thus, a resultant x-ray image Application of a D.C. voltage (depicted by battery 140) 

captured in distal photoconductive layer 106' is generally and light (depicted by lines and arrows 142) for erasing and 

from soft tissue areas where x-rays meet minor attenuation cleansing sensor plate 20 of previously stored images and, 

while passing through a subject being x-rayed. Note, that by thereby, preparing plate 20 to store a next image is seen in 

taking a difference between top and bottom images, high 60 FIG. 6. To erase a previous image, battery 140 is connected 

energy images are subtracted revealing an image of lower across superior conducting layer 102 and inferior conducting 

energy absorbing structures otherwise hidden in the shadow layer 108. Simuhaneously, superior surface 144 of layer 102 

of higher energy absorbing structures. Of course, layer 108 is exposed to an ultraviolet fight 142. Light 142 causes 

may be made from a sandwich of a plurality of materials. photoconductive layer to transport positive charges from 

As is apparent to those familiar with dual energy film 65 conductive layer 108 at the same time while photoconduc- 

image processing, to guard against artifacts, care must be tive layer 102 is being negatively charged. Periodically, it is 

taken to match on a pixel to pixel basis calculations which considered expedient to bath sensor plate 20 at an elevated 
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temperature of 140 degrees Farenheit while disposed in a It is preferred that sensor plate 20 comprise an isolating 

dark environment to relax the plate and eliminate trapped preamplifier 150 for each segment (102A, 102B, etc.) into 

charges. which layer 102 (and 102') is segmented. Each preamplifier 

Once sensor plate 20 is fully charged, both light 142 and 150 is preferably located in close proximity to the segment 
voltage from battery 140 are removed. From this point, until 5 to which it is connected. As seen in block diagram form in 
an image has been read from sensor plate 20, after exposure FIG. 11, preamplifier 150 comprises a pair of input leads 
to a target object, sensor plate 20 must be protected from (214,216) and an output lead (generally numbered 218), one 
exposure to spurious or ambient light. With hght 142 input lead 214 being connected to a segment (102A, 102B, 
removed, photoconductive layer 106 becomes non- etc.) and the other input lead 216 being commonly con- 
conductive retaining the positive charge. As a next step, nected to layer 108 (or, in the case of a double layered plate, 
conductive layer 102 is electrically shorted to conductive one input lead 214 of a preamplifier 150 connected to a 
layer 108 by a conductive line 146, which distributes nega- segment of 102* and the other lead 216 being connected 
tive charge between conductive layers 102 and 108, as seen commonly to layer 108*). Each output lead 218 is connected 

pIQ 7 to a sigpal conditioning circuit 204. To clarify connection of 

Sensor olate is now ready for exnosure to the Ureet object ^^^^ ^^^^ "^^^ °^^P"^ 

censor p ate is now ready tor ej^osure to tne urgei oojeci. ^5 j^^^^csWy sequenced as 218A-H (see FIG. 10) to corre- 

If sensor plate 20 is used to r«:ord x-ray miages, the plate ^ ^^^^^ ^ ^ 

may be disposed m place of fihn m an x-ray apparatus As ^^ely inidated. 

seen m FIG. 8, a reverse D.C. voltage bias (depict^ by Alternatively, each preamplifier 150 may be disposed off 

battery 148) is applied across conductive layers 102 and 108. j^^^ ^0, but diie consideration must be giCcn to the degree 

m preferred reverse bias voltage is on the order of 150 to ^oise is increased due to extended lead length and connector 

3000 volts and provides an external field assisted discharge consequential that affect upon system perfor- 

decreasing suscepiabihty to electron hole pair recombina- mance. 

tion. Surprisingly, this reverse bias increases each signal As seen in HG. 11, circuit 150 is comprised of a bias- 
read from sensor plate 20 by a factor which increases signal isolation circuit segment 220 seriaUy connected to a low 
to noise ratio by about a factor of four over signals read from ^5 noise buffer amplifier As seen in FIG. 9, a bias from a 
plates without the reverse bias, thereby increasing sensitivity voltage source 152 is applied to segment 220 thereby 
and improving the opportunity for higher resolution and providing a bias which may range from -2000 to ■•■2000 
broader dynamic range. As clearly disclosed in '591, expo- volts. Segment 220 should provide an input impedence in 
sure of sensor plate 20 to x-rays or other photons, records an the range of 100 megohms, although lower impedences may 
image in the form of an array of selectively stored charge in be used when lower signal-to-noise ratios are acceptable, 
photoconductive layer 106. After exposure, conductive layer Inherent noise of buffer amplifier 222 should be less than 
102 may be electrically shorted to conductive layer 108 as 10 nanovolts * (Hz)"** at 10,000 Hertz. Amplifier 222 should 
seen in FIG. 7. have a gain bandwidth of greater than 500,000 Hertz and a 

The stored image is then read from sensor photoconduc- realtively high input impedence in the range of 45,000 ohms, 
tive layer 106 by afl5xing at least one amplifier, designated 35 Such input impedence is achievable through use of field 
150, to conductive layers 102 and 108 as seen in FIG. 9. As effect transistors. Also amplifier 222 should be over-voltage 
is the case in the step seen in FIG. 8, a D.C voltage, depicted protected. Design of circuits 220 and 222 is well within the 
as an optional battery 152 having an output of a potential current state-of-the-art of those persons skilled in contem- 
preferably in the range of 1200 volts (although other volt- porary electronic circuit design and can be accomplished 
ages ranging from 150 volts and higher may be used), is 40 without undue experimentation. Preamplifier 150 preferably 
applied as a reverse bias to an amplifier 150. Details of employs a single integrated component, however a multi- 
preferred design of amplifier 150 are provided hereafter. A component amplifier, such as EG&G 142B may be used, 
first amplifier input 154 is connected both to a reference Referring again to FIG. 10, signals are communicated 
ground and to layer 108. Asecond input 156 to amplifier 150 fjom plate via lines 218A-H, each of which is inidvidually 
is connected to conductive layer 102. Systematically a hght 45 connected to a signal conditioning circuit 204. Reference is 
beam, symbolized by arrow 157, is used to selectively qqw made to HG. 12 wherein a block diagram of an 
illuminate each pixel of the image, stored in layer 106, individual signal conditioning circuit 204 is seen. Each 
through layer 102. circuit 150 output lead, e.g. lead 218, is connected as an 

For improved image processing time, one of the conduc- input lead 256 of a circuit 204 for amplifying and processing 

tive layers (102 or 108) may be segmented and multiple 50 of a signal from plate 20 as disclosed hereafter, although 

beams of Ughl simultaneously used to read pixel information other methods of signal processing may be used within the 

from sensor plate 20 in parallel. For double layered sensors, scope of the invention. As seen in FIG. 12, an electrical 

such as configurations 120 and 130, comments related to signal received on lead 256 is serially processed through an 

layer 102 also apply to layer 102', as well. Similarly, amplifier/integrator circuit 258, a final amplifying stage 260 

comments related to layer 106 apply to layer 106', as well, 55 and a sample and hold circuit 262. A filtered, amplified and 

when layer 106' is an element of a configuration. peak integrated value of an incoming signal is transmitted 

A block diagram of an exemplary image processing for ultimate analog-to-digital conversion through an output 

system 200 which perforois as signal processing electronics lead 264. Timing and control is performed by a digital 

30 (see FIG. 14) in pixel acquisition is seen in FIG. 10. processor and controller, such as image processor 210, seen 

Image processing system 200 comprises a sensor plate 20 60 in RG. 10. However, it may be preferrable to utilize a 

(enclosed by dashed line box 201), a plurality of sigpal second controller as seen in FIG. 28 (processor 906), as a 

conditioning circuits 204 (enclosed by dashed line box 206), central control processor. More detail on use and integration 

a multiplexing circuit 207, an analog-to-digital (A/D) con- of a second controller is provided hereafter. A plurality 

version subsystem 206 and an image processor and control- (bundle) of control lines, generally seen as double lines 266 

ler 210. While niunerous other processors are available and 65 in FIG. 10, provides control signals to each signal condi- 

may be used within the scope of the invention, Intel pro- tioning circuit 204, multiplexing circuit 207 and analog-to- 

ccssor 8051 is an example of a processor which may be used. digital converter 208. 
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Amplifier/integrator circuit 258 (see FIG. 12) receives a Sample and hold circuits are presently available on a single 

signal via line 256 for ampiificatioo and integration. It is also integrated circuit chip, such as National Semiconductor pan 

prefenable to provide a filter in conjunction with circuit 258, LF398. 

band-passing frequencies from 200 to 100,000 Hertz. Analog switches in multiplexing circuit 207 must operate 

Currently, it is preferred that amplifier/iotcgrator circuit 258 5 at relatively high speeds (in microseconds or fractions of 

have the following characteristics: microseconds). High speed analog switches are preferred. 

1. An input range of ±10 millivolls. As an example, an Analog Devices ADG333A integrated 

2. A low input impedcncc (z) and referenced to virtual ^^^^^ "^^^ be used if circuit 207 is designed as a separate 

J part. 

. ' . . ^ . ^ - ^ 10 In the current art, there are many integrated circuits which 

3. An mlegralion Ume of less than 20 microseconds. requirements for A/D subsystem 208. To reduce 

4. An mtegration slew rate greater than 1 volt per micro- cost, it is often preferable to time-share a single A/D 

convener to process signals from more than one multiplexer 

5. A reset slew rate greater than 1 volt per microsecond. 207 output. An example of an eight channel data acquisition 

6. An output range of ±1 volt. is system is Analog Devices AD7891 which comprises a 

7. A non-linearity of ±0.005% over the full scale amplifier multiplexer (which can be used to perform the switching 
range , functions of multiplexing circuit 207), a track/hold amplifier 

8. Integration droop rate of less than 5 nanovolls per * ^T'.'^i^o!'^^ ? symbolized by dash-line- 
microsecond enclosed block 208 . Binary signals, which in combination 

^ ^ _ , . * , , ^ . 20 transmit the value of digitally converted analog pixel sigpal 

9- Output noise or less than 1.0 microvolt^,. . , , -^oi . . • i j 

^ from block 208', are sent to processor 210 via leads 306 as 

10. An mtegration capacitance of 1 to 10 picofarads. ^ p|Q 

GeneraUy, an analog value for an individual pixel which ,jj summary, at least one electrical signal for each sampled 

is amplified and presented to circuit 258 has a transitory generated as the area where the pixel resides is 

voltage having a period of less than 25 microseconds. ^5 illuminated. If the pixel area resides in a region where there 

AmpUfier/mtcgrator cu-cuil 258 mtcgrates the analog signal ^ ^^^e 110 between two plate segments (such as segments 

to reduce noise and increase signal ampUtude. Each arcmt ^^^^ ^^^^^^ emanating from segments surround- 

258 oompnses a pau" of control lines 268 and 270, which are ^^^^^ ^e summed. However, each electrical 

a part of bundle 266. Control line 268 is a gating control line ^-^^^y ^ preferably first amplified via a preamplifier 150 to 

which controls each mtegraUon penod. Control Ime 270 is 3^ ^g^j^^e susceptibility to noise and then filtered, amplified and 

another gating control Une which causes circuit 258 to dump digitized through circuits 204 and 208' and finally stored as 

a last integrated pixel agnal in preparation for integrating a ^ ^^^^^c representation of image pixel value in processor 

subsequent pixel signal. 2IO. A/D converter 208 converts the signal to binary format 

Final ampUfying stage 260 receives ii^ut from data Une ^1^^^,^^ ^ ^ ^ processor 

258'. Preferrably, the gain of circuit 260 is in the range of 50 35 210 which receives parallel input of the binary signals from 

from 0 Hz to 100 KHz. In any cveiit care should be taken ^ subsystem 208'. Each pixel is mapped into coordinates 

when cstablishmg DC gam of circuit 260 to assure cirout ^^ich represent its position in the geometry of the sampled 

260 does not saturate at maxunum output of circuit 258. ^^^^ i^e pixel area resides between two plate 

Output noise of stage 260 should be les than 0.25 mv. Stage segments, digitized signals from each segment surround the 

260 hneantyshould be betterthan0.005%offullscale range ^ associated space are summed in processor 210 to form the 

of the stage. Slew rale should be at least one volt/ numeric representation of that pixel, 

microsecond. the block diagram of FIG. 10, a sensor plate 20 is 

Sample and hold arcuil 262 is gated by another control exemplarily portrayed as an eight segment sensor plate. It is 

hoe 272 of bundle 266 to capture a representaUve pixel more likely that layer 102 of a sensor plate, such as plate 20" 

sample of an integrated and amplified signal from circuits ^5 ^ ^5, is segmented into many more segments than 

258 and 260 through lead 260' and hold the signal unUl pj^f^ 20 of BG. 10 and may comprise thirty or more 

digitized for ultunate storage as a digital rcprcscntaUon of segments, generally numbered 102", in a larger system, such 

the pixel. Preferrably,circuit262hasthe following preferred ^^^^^^ 3^7 ^5 ^^^^^ ^ ^ ^^^^^ 

charactenstics: image sizes for commercial applications, such as sizes 

1. Unity gain. 50 required for mammography applications than a system hav- 

2. Hold droop rate: 0.5 microvolts/microsecond. ing fewer plate 20 segments, such as system 200. 

3. Non-linearity: less than an equivalent of ± one-half the Similar to the block diagram of FIG. 10, each segment of 
least significant analog-to-digital conversion bit over sensor plate 20" is conneaed to a preamplifier 150, from 
fiill scale range of amplifier 260. which signal leads, of which lead 218A is an example, are 

4. Output noise limit: less than an equivalent of ± one-half connected to a signal conditioning circuit 204. The number 
the least significant aoalog-to-digital conversion bit segments of sensor plate 20" is deteraiincd by the 
over full scall range of amplifier 260. effective image capturing linear dimension in the direction 

5. Sampling slew rate: 200 volts/microsecond. ^8^t scan progression across plate 20" a value of plate 
^ c t t j/x^ ^ ' J capacitance desired and the predetermined number of par- 

6. Sample pules period: 0.1 to 1 microsecond. ^^^^ ^^^^^ ^^^^ simultaneously to achieve a pre- 

7. Offset voltage: ±^4 least significant bit value of A/D determined total overall image processing time. To a lessor 
converter. extent, the number of segments is determined by parts cost, 

8. Gain error: least significant bit value of A/D e.g. number of time-shared A/D converters, switches, 
converter. amplifiers, etc. As an example, consider an imaging portion 

9. Acquisition time: 200 nanoseconds. 65 of a plate 20" having a linear dimension of eight inches 
Components and associated circuitry for circuits 258, 260 (approximately 200 millimeters), a resolution of 20 line 
and 262 are well known and commercially available. pairsAnillimeter (Ip/mm) and one hundred twenty eight 
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pixels being desired per segment. In this case, each segment ing table 410 whereby plate 20 was scanned one pixel at a 

is 6.4 mm wide and about sixty-two segments are required time. Each electrical signal emanating £rom a scanned pixel 

in plate 20. The sixty-two segments require sixty-two was amplified and digitized via electronic subsystem 414. 

preamplifiers 150 and sixty-two drcuits 204. Signals were first amplified by an EG&G 142B operational 

As presently preferred, each signal conditioning circuit 5 amplifier and converted to digital fonnat using a Data 

204 is connected to an input lead of a multiplexed A/D Translation 12 bit DT2812 A/D converter, 

converter, such as A/D subsystem 208'. For sixty-two signal Using caHbrated x-ray imaging standards, images having 

conditioning circuits 204, six time sharing A/D subsystems better than 20 Ip/mm were demonstrated. Also, a dynamic 

208' are presently required. Gating control and digital signal rangp in excess of that achievable by film based systems was 

processing for data analog to digital converted by A/D lo demonstrated by imaging an aluminum step wedge imaging 

converter block 208' is provided by one processor 210. standard having eight x-ray gray scale levels. Film images of 

In FIG. 15, a dashed line block 308 encloses that set of the same step wedge staixJard showed only differences 

electrical circuits, which comprise associated signal condi- among four levels or steps while images using system 400 

tioning circuits 204, a single A/D subsystem 208' and a clearly showed recognizable gray scale images of all eight 

processor 210. Five other blocks 308 are seen in FIG. 15, 15 steps. Sensitivity of system 400 showed both a reduced 

providing for up to sixty-two scgmcat multiplexing. Each required radiation exposure to achieve a predetermined 

block 308 comprises the same parts and perfonms the same image quality and a reduced amount of radiation absorbed to 

function. As those who are familiar with the art of digital achieve the same purpose. As an example, an exposure of 

system programming and use understand, unused (extra) one roentgen was measured for a film system in one test 

A/D converter channels may be employed for other purposes 20 providing a given image quality which compared to 235 

sucb as self-test and system status determining functions. milliroentgens for the same image quality using the 

Outputs from each circuit block 308 is delivered to a high described system. Also, mean glandular dose calculated in 

speed computer processor 210. When the number of parallel the test was 0. 134 cGy for a film test compared to 0.85 cGy 

operations exceeds the capacity of a single processor 210, for system 400. 

multiple processors are used. Another processor, not shown 25 However, for a plate 20, having a thickness previously 

in FIG. 15, may be used to receive and steer images to disclosed, time to process a single pixel signal was on the 

viewing screens, digital storage, printing and through com- order of twenty-five microseconds. For images having 

munications for remote viewing for practical use away from 20,000,000 to 115,000,000 pixels (numbers compatible with 

the site of image acquisition. Optional peripherals which high resolution chest x-ray and mammographic x-ray 

may be added are printers and film printers 312, video 30 images, respectively), a single channel readout would 

displays 314, a large capacity image storage medium 316 require 500 to 2,000 seconds to process. Note that these 

(which may be a write/read CD player) and a communica- times were based upon signal processing time alone and did 

tions network interface (such as that for a Dicom Net). Of not take into account any mechanical delays, 

course, other circuit configurations may be used within the Times which might range firom eight minutes to one half 

scope of the invention. It is important to note the transition 35 hour are considered excessive, even for very high resolution 

from production of film images to storage of images upon images and likely for that reason, are not commercially 

computer disks as part of CD player 316 network. This viable. Acceptable time to process an image is estimated to 

transition has a profound impact upon overall radiographic be shorter than two mioutcs, leading to a definite need for 

operational costs, both in eliminating cost of film and in film parallel or simultaneous multipixel processing, 

storage and. accessing. 40 Reference is now made to FIGS. 17-28 wherein, a 

During 1996, a prototype x-ray imaging system was scanning system involving a novel multichannel scanner 500 

fabricated for the purposes of assessing resolution and which performs as scanning system 30, seen in FIG. 14, is 

segmentation parameters when deriving images fi-om a disclosed. In block diagram format in FIG. 17, scanner 500 

sensor plate 20. A block diagram of the prototype x-ray is seen to comprise a light source 502, a drum 504 having a 

imaging system, numbered 400, is seen in FIG. 16. System 45 helical light-transmitting pattern of slits 506 exteriorly dis- 

400 comprised a laser 402, a modulator 404, an optics posed thereon, optics 508 for producing a plurality of 

subassembly 406 and a fiber optic interface 408 and fiber concurrent light beams and a controller 510 for controlling 

optic cable 409 to provide a source of pulsed light In a position and rates of translation and rotation of drum 504. 

mechanical portion, system 400 comprised an X-Y position- Further scanner 500 comprises a modulator (not shown) to 

ing table 410 and a plate holder 412 as an interface with 50 control period and frequency of pulses emanating from light 

sensor plate 20. An electronic subsystem 414 provided the source 502. All mechanics and controls are used in the 

functions previously disclosed for signal conditioning and scaiming of a sensor plate 20. 

for A/D conversion, i.e. circuits 204 and subsystem 208', Key to operation of scanner 500 is the unitary strucmre of 

seen in FIG. 10. An Intel 486 based personal computer 416 drum 504. As seen in FIGS. 1^22, drum 504 (see FIG. 19) 

with sixteen megabytes of random access memory was used 55 comprises a generally opaque surface 512 intenrupted at 

for programming control of mechanical controller 428 and regular intervals by helical light-transmitting slits 506. As 

optics controller 430. A light emitting diode with associated seen in FIGS. 19 and 21, drum 504 is a part of a general light 

optics 432 was successfully tested as an optional pixel- delivery system 520. As best seen in FIG. 21, light delivery 

sampling light-producing source. system 520 comprises drum 504, an elongated light source 

Light source for laser 402 was an Omnichrome argon ion 60 522, a central mounting housing 524, an elongated cylin- 

488 nanometer wavelength laser modulated by a Neos drical meniscus lens 526, an elongated piano convex cylin- 

218080-1 25AM modulator to produce pulses of light each drical lens 528, a lens holder 530, a coated precision BK-7 

having a pulse width from one microsecond to twenty glass optical slit 532 and an array 534 of large diameter 

microseconds. Optics subassembly 406 provided ability to gradient index rod lenses, each being generally numbered 

focus a spot of light upon a plate 20 variably to a minimum 65 536. 

diameter of nine microns. Fiber optic interface and cable Light source 522 preferably comprises a linear light 

transmitted pulsed light to a movable arm of X-Y position- emitting diode (LED) array 538 including a plurality of 
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linearly disposed surface mounted LED's, which may be 
DQodel NSCBIOOO LED's, manufaciured by Nichia 
America, 1006 New Holland Avenue, Landasier, Pa. 
Generally, LED's of array 538 are pulsed at a frequency 
which correlates with a predetermined pi^cel illumination 
period and readout rate in accordance with resolution and 
image processing desired for recovering an image disposed 
upon a plate 20. As seen in FIG. 22, light emanating from 
array 538 is collected and focused by lenses 526 and 528 
upon an internal surface 540 of drum 504. Light is trans- 
mitted outward from surface 512 wherever light from lens 
528 is coincident with a portion of light transmitting helical 
slits 506. 

The thus produced individual rays of light are henceforth 
further trimmed by optical slit 532, which, as seen in FIG. 
22, is disposed as an attached part of optical slit imaging Icos 
housing 542. Id combination, all optics of system 520 are 
sized and spaced to deliver light rays, individually numbered 
521 in FIG. 19, to produce a predetermined spot size of light 



10 



15 



known and available in cuaent art, inchiding but not limited 
to X-Y plotters. 

As is well known in the an of optical sampling of a sensor 
plate, great care must be taken to assure both damping of and 
isolation from elements which can cause microphonic noise. 
For this reason, it is preferred that assembly 550 have a 
moimting frame 580 which is sufficiently massive to pre- 
clude transmission of microphonic noise to system 520. 
Similar care should be taken to assure that plate 20 is 
isolated from all mechanically originated noise while pro- 
cessing an image. 

Referring once more to FIGS. 19 & 21 with a focus upon 
housing 524, the optical pathway from LED array 538 
through lens array 534 is generally parallel with a line which 
runs orthogonal to the long axis of drum 504 and which is 
fixed in space relative to drum 504. In combination, lenses 
526, 528 and 536 act to sufficiently diffuse light from LED 
array 538 such that light impinging upon plane 574 is 
practically uniform in illumination while focusing light 



upon a light receiving surface, such as an outer surface of 20 passing through the helical slit 506 is focused to provide a 



layer 102, of a sensor plate 20. As an example, for a 
resolution of 20 Ip/mm, the spot size should not exceed 25 
microns. Note that, if a light ray departing array 534 (in FIG. 
22) and impinging upon the outer surface of sensor plate 20 
is generally frustoconically shaped, by varying the distance 
between array 534 and the receiving siu'face of plate 20, spot 
size is varied. Also, within limits well known to those skilled 
in optical design art, spot size in one linear dimension is 
varied by changing width of slit 532. Benefits derived from 
varying spot size is addressed in more detail hereafter. 

Reference is now made to FIG. 19 wherein light delivery 
system 520 is disposed within a translation and control 
assembly 550. Assembly 550 provides for X-Y axis scan- 
ning of a plate 20. Y-axis (see arrow 552) coou-ol is 
preferably accomplished by rotating a pair of lead screws 
554 and 556 concurrently in the same direction. In the 
embodiment of FIG. 19, Y-axis positioning determination is 
provided by a Y-scan servo motor/encoder assembly 558 for 
lead screw 554. Likewise, lead screw 556 is accurately 
driven to follow lead screw 554 through operation of a 
timing belt assembly 560. Such lead screw and timing belt 
drives are commonly used for precise single axis positioning 
devices. 

X-axis translation (in a direction indicated by arrow 562) 
and control is provided by rotating drum 504 which trans- 
lates light transmitting sections of helical slits 506 across 
light steering pathway of the optics of light delivery system 
520. The rate of X-axis translation is determined by pitch of 
helical light transmitting shts 506. Accuracy of the spot of 
illumination of each pixel is maintained in tight precision 
relative to illumination of ^ots of other pixels by the 
precision of helical slits 506. For this reason, it is very 
important to maintain a very high accuracy of slit 506 
pattern formation upon drum 504, such as by laser milling. 

Rotational drive of drum 504 is preferably provided by a 
direct drive torque motor 564. Accurate angular position of 
drum 504 is provided via an x-scan digital encoder assembly 
568. Drum system 520 is preferably affixed to assembly 550 
by a pair of linear ball bearing block and rail assemblies 570 
and 572. Care must be taken to assure that mounting of 
assembly 550 and distance from drum system 520 remains 
true and parallel to a predetermined plane (such as plane 
574, defined to be the plane where an outer layer or reading 
surface of layer 102 of a plate 20 is disposed for readout). 
Drive motors, mechanical interfaces and position and 
motion detecting encoders which meet accuracy and preci- 
sion requirements for assembly 550 and system 520 arc 
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plurality of spots of predetermined size and separation. By 
pulsing LED array 538 (as an example, pulsing for five 
microseconds for each pixel), each light pulse is of known 
duration, thereby limiting illumination to a precise area of a 
plate 20 and minimizing cross-talk between pixels. While in 
use, housing 524 is centrally and axially disposed inside 
drum 504 sucb that light passing outward through lens 528 
is partially obstructed by material of surface 512 which is 
between light transmitting segments of helical slits 506. For 
the purpose of maintaining a precise alignment between 
drum 504 and housing 524, housing 524 preferably com- 
prises a steel pivot bearing shaft 582 which is juxtaposed a 
portion of a direct drive torque motor 564 causing drum 504 
to rotate precisely about housing 524. In this manner, as light 
transmitting portions of helical pattern are aligned between 
lens 528 and plate 20, a plurahty of predetermined single 
pixel areas are illuminated for samphng. 

Note, that it is possible to sample every pixel area of a 
plate 20 with a single-lined helical pattern on a drum 504 
rotating at a sufficiently high speed to rotate one cycle for 
each line traversed during Y direction travel of assembly 
520. However, when traversed lines are but 25 microns 
apart, and it is desired to process an image having a Y 
dimension of 254 millimeters in approximately a minute and 
a half, rotational velocity of drum 504 must be in the range 
of 8,200 revolutions per minute, a speed which may be 
considered excessive for stable drum 504 operation. For this 
reason, it is preferable to replace a single-lined helical 
pattern with, as an example, a pattern which has sixteen 
interposed parallel lines disposed about drum 504. Other 
helical patterns with different nimibcrs of interposed parallel 
lines may be used within the scope of the invention. In the 
example of a ninety second image processing time for a 198 
by 254 millimeter image, using a sixteen line helical image 
pattern, the following system parameters produce a pixel 
size of 25 microns: 



Parameter 



Value 



60 



65 



Drum 504 diameter 

Helical slit 506 width (nominal) 

Number of interposed helical slits 

Number of cyde^each helical slit 

Number of light beams 

Y Velodtydrum 504 rotation 

Dram 504 rcvolutuMu/secood 

Dram revolution/line 



63.5 millimeters 
0.050 millimeters 
16 

2 
32 

0.4 millimeters 

8.204 

22.5* 
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Parameter 


V^lue 


Secoods/iine 


0.00S85S 


Number of segoients of plate 20 


62 


Ptxeb/segment 


128 


Sample pulse width (of LED anay 538) 


5 microseconds 


Optical beam width 


21.4 microns 


L^t fiequeacy (pulses per second) 


53.604 
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bearing assembly should be placed on ihe end of drum 504 

which is distal to motor 564 and bonded or othenvise 

securely mechanically affixed to drum 504. The bearing 

assembly preferably should have a pivot bearing disposed 

inside and a large in-raoe ball bearing assembly in permitting 

smooth rotation. 

On the end of drum 504 distal from motor 564 is a series 

of encoder lines 592, as seen in FIG. 18, for detection by 

encoder assembly 568. The encoder assembly should have 

^ ^ ^ 10 sufficient resolution to determine circumferential coordi- 

An X-Y Imeanzed plot 583 of hehcal pattern of slits 506 ^^^^^ ^^^^^ 

is seen m a Imear format in FIG. 25. The Y coordmaie Means for fabricating and installing encoder lines 592 and 

'^oQ^iLl T V ^^"'^^ f encoder assemblies are commercially avaOable within the 

IS 199.491 millimeters. The X coordmate represents the long r«u j - *t * 1 

axis of drum 504 and shows a pattern of 16 interposed state of the digital control art 

parallel slits 506A.P in an axial length of 102.4 millimeters cxjmbmauon of cbngated cylindnca menisci^ lens 

inscribed across surface 512. The pattcni of helical sKts 506 ^26 and elongated piano convex cylrndncal lens 528 form a 

is truncated after slit 506P for clarity of presentation of spaual filter and a condenser assembly. Meniscus lens 526 

cyclic ' repetition of slits 506. Coordinates of plot 583 are collects maximum angular gradients of light from LED array 

circumference of drum 504 along the Y-axis, the circumfcr- 538 to increase light out efficiency. As light passes through 

encc of this example being 199.491 millimeters, and axial 20 lens 528, it is focused upon slit 532, forming a single axis 

length along the X-axis, which is 102.4 mUlimetcrs per 360* spatial filter. 

for each complete helical turn about drum 504. Note that For twenty Ip/mm precision, slit 532 should be approxi- 
angular pitch (indicated by line and arrows 584) is 62.828''. mately twenty microns wide. Lens array 534 forms a gra- 
Of course, other numbers of interposed lines and values of dient index relay lens and provides a single element relay 
angular pitch may be used within the scope of the invention. 25 system for transferring each of the thirty-two light beams of 
Due to angulation of each helical line 506 and relative the exemplary assembly disclosed above from optical slit 
movement of drum 504 relative to a plate 20 being read, an 532 to a plate 20 being scanned. In this example, each index 
illuminated spot 590 illuminated by a light ray or beam 521 rod lens 536 is five millimeters. Index rod lens 536 should 
is shaped more in the form of a parallelogram than as a circle be designed to provide an evenness of illumination across 
as seen in FIG. 20. It should be noted also that there is a 30 the linearsurfaoeofarray 534 which varies by not more than 
blurringof each optical spot of a light beam impingiog upon 0.5% from peak illumination, after calibration. Such lens 
a surface 102 (or 102') due to continuing X-Y travel of drum arrays are currently commercially available, and may be 
504 relative to a pixel on a static plate 20 while a light pulse acquired from The Gradient Lens Corporation, Rochester, 
is ilhiminated (e.g. for 5 microseconds). For this reason, an N.Y Other lens combinations which may be used within the 
optical beam width of approximately 21.4 microns is 35 scope of the invention comprise vertical cylindrical piano- 
required to read a pixel having an efifective 25 miaon cross convex arrays, a piano-convex spherical lens array and a 
section without effects of blurring due to relative drum 504 double optical spheres lens array. 

to plate 20 movement. Of course, if it is desired to have a single instrument 
As disclosed above, drum 504 is an optically permeable operate efficiently over a variable resolution range, such 
hoUowcylinder with a generally opaque surface 512. Drum 40 parameters as light beam 521 on-time and illuminated 
504 should made from a dimensionally stable material such spot-size 590 should be oontrollably changeable. Such con- 
as Pyrex, quartz or a polycarbonate. Opaque surface 512 trols may be accomplished by moving optical slit imaging 
may be formed by a coating of Chromium or Inconel. lens housing 542 toward and away from plate 20 in prede- 
Etching of ^its 506 may be performed using precision laser, termined increments. In addition, slit 532 width may be 
etching or mechanical abrasion. It may be preferable to form 45 controllable widened or thiimed. An exemplary apparatus 
an elongated lens along the surface of each slit 506 to aid in 600 for changing slit 532 width is seen in FIGS. 26 and 27. 
focusing each light ray 521 (seen in FIG. 19). Apparatus 600 comprises a stationary mounting plate 602, a 
All drum 504 movement should be smooth and free of first blade 604 comprising a sharp edge 606, a second blade 
extraneous noise. For this purpose, a DC servo motor or a 608 comprising a sharp edge 610, a spring loaded, angled 
direct drive torque motor is preferred for motor 564. As an 50 slider 612 and an angled guide wedge 614. In addition, 
example an Inland Motors P/N 3375-057 motor may be apparatus 600 comprises a slider 612 drive unit 620 which 
used. Torque motors are preferred due to very low cogging comprises a stepper motor 622, a pitch screw 624 and a 
and exacting precision positioning characteristics. Also, non-rotational actuator screw nut 626 which is in contact 
exceptionally smooth continuous control is achievable with- with slider 612. In addition, drive unit 620 would preferably 
out an acceleration or deceleration between brush contacts, 55 comprise an encoder system (not shown) or other sensor 
which is an inherent result of mode of winding of the motor, mechanism to provide slit width measurement feedback to a 
which has approximately thirty to forty brushes with differ- controlling processor, such as processor 210. 
ent poles to assure smooth operation. Direct coupling of Slider 612 is spring loaded in direction of arrow 628 
these motors safeguards against both backlash and hysteresis against actuator nut 626 such that rotation of pitch screw 624 
characteristics between drum 504 and motor 564. 60 causes sUt 532 width to narrow or broaden at a predeter- 
Two large bearings, such as an NPB or KB (which is a thin mined rate relative to angular rotation of motor 622 and 
race instrument bearing) should be installed at each end of screw 624 due to a sloped interface 630 disposed between 
drum 504 to assure precision, smooth operation. A bearing slider 612 and wedge 614. By this method, slit 532 is 
block may be inserted into dmm 504 on the side of motor constrained to remain parallel with array 534. 
564 and centered where it is pivotally joined to steel pivot 65 In some cases, it may be desired to have slit 532 remain 
bearing shaft 582, permitting drum 504 to rotate about symmetrically and centrally disposed relative to light paths 
central optical system mounting housing 524. An aluminum traced from lens 528. In such cases, another apparatus 640 
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for varying slit 532 may be employed. As seen in FIG. 27, 
slit 532 is symmetrically sandwiched within apparatus 640 
which comprises in seriatim a first static outside bousing 
642, a wedge 644 securely aflSxed to a blade 646 having a 
true linear edge 648, a second wedge 650 securely affixed to 5 
a blade 652 having a true linear edge 654 which is parallel 
to edge 648 and a second static outside housing 656. 
Apparatus 640 further employs a drive unit 660 which 
comprises a stepper motor 622 and slit governor arm 664. 
Arm 664 is pivotally afiSxed to wedge 644 at junction 666 lo 
and to wedge 650 such that angular rotation of motor 622 in 
a first direction narrows slit 532 and rotation in a second 
direction widens slit 532. Of course, such widening and 
narrowing should be measured and known. As one skilled in 
digital control understands, such is generally accomplished 15 
through use of an encoder, not showa 

lo addition to blurring and geometric distortion of indi- 
vidual pixels due to relative movement and angulation of 
drum 504 parts relative to plate 20, pixels read by a drum 
which is orthogonally oriented (along an X-axis) relative to 20 
direction of travel of the drum (along a Y-axis) yields 
non-orthogonal pixel arrays. As is seen in FIG. 23, travel of 
drum 504 is in direction of arrow 670. As seen in FIG. 23, 
angle of rotation 672 of drum 504 is at a right angle with axis 
of rotation arrow 672. Disposed beneath drum 504 is plate 25 
20 generally schematically bounded by dashed line 674. 
Each successive pixel, generally numbered 680, is offset by 
pixel sampling time and therefore drum travel to produce a 
non-orthogonal array, as demonstrated by exemplary array 
676 wherein each pixel 680 is offset from its left-right 30 
neighbors by an increment which is equal to Y travel of drum 
504 during a single sampling period. 

As seen in FIG. 24, an orthogonal array 680 is generated 
when axis of rotation 672 of drum 504 is disposed at a 
predetermined angle 682. The axis of rotation 670 is angu- 35 
larly ofiset from a line 684 which is perpendicular to 
direction of travel indicated by arrow 670. Angle 682 may 
be precalculated, such as by Equation 2 below: 

40 

Angle <S82«>arcsin (n^n^) Eq. 2 

where: n^, is the number of light beams 521 concurrently 
emitted by assembly 520. (See FIG. 19) 

n^ is the maximum number of pixels (e.g. pixels 690 in 
FIG. 24) per line. 45 
As an example, for thirty-two concurrent beams scanning a 
plate and sixty-two segments in a plate with one hundred 
twenty-eight pixels areas 690 per segment, angle 682 is 
0.00403228 radians. 

Critical to removing built in noise factors, which may 50 
result from manufacturing or aging-related material param- 
eters such as inhomogeneity in transparency of the indium 
tin oxide layer 102, changes in spatial intensity of LED array 
538, anomalies in lenses (e.g. lens 526, 538 and 534), 
variations in gains of amplifiers and deparmres firom stan- S5 
dards of analog to digital converters lead to artifacts and 
image deficiencies which are correctable by application of 
proper calibration techniques. Calibrating is well known in 
the medical instrumentation art and opportunity to minimize 
image deficiencies should not be limited by the list above. 60 
For this purpose, it is advisable to provide means for 
calibrating both system and plate characteristics upon each 
plate 20. Referring to FIG. 13, for example, a plate 20 
identifying code 800 (similar in form and function to a bar 
code) may be applied to each plate such that inherent plate 65 
anomalies may be recorded and subtracted from scaimed and 
processed data to improve image quality. Other markers 
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such as gray scale patterns (such as pattern 802 may be 
added in strategic non-image recording places for purposes 
of calibrating optical and electronic parts. Landmarks, such 
as marks 804, 806 and 808 may be used to provide geometric 
reference for pixel coordinates. Such landmarks are particu- 
larly useful when correlating pixel coordinates on dual sided 
plates, such as configurations 120 and 130 (seen in FIGS. 4 
and 5). Also, such landmarks peraiii coirelation of relative 
drum 504 to plate 20 orientation for initializing operation of 
multiplexer 207. 

Reference is now made to FIG. 28 wherein a block 
diagram of a system 900 comprising an image processing 
system 902 similar to image processing system 200 seen in 
FIG. 10, a scanner 904 similar to scanner 500 seen in FIG. 
17 and a central control and image processor 210 similar to 
image processor 50 seen in FIG. 14. System control and 
coordination is performed by central processor 906. A plu- 
rality of digital control and data lines generally numbered 
906 are used to systematically conu-ol rotational and linear 
velocity of drum 504 through controller 510. Synchronized 
with drum 504, light source 502 is pulsed to excite each 
pixel to expose a regular pattern on a plate 20. Likewise, 
control circuits within image processing subsystem 902 are 
synchronized to integrate and amplify, sample and hold and 
convert from analog to digital each pixel when excited. An 
array of pixels is first captured in one (or more) processors 
210 and then communicated to central processor 906 for 
permanent storage and display. It should be noted that drum 
504 preferably comprises one helical sU'and for each two 
segments, although other helical patterns may be used 
within the scope of the invention. The number of segments 
may be increased or decreased to change image processing 
rate. Of course each change in numbers of segments results 
in a proportionate change in numbers of amplifiers 150 and 
signal conditioning circuits 204 and in numbers of A/D 
channels required. 

The invention may be embodied in other specific forms 
without departing firom the spirit or essential characteristics 
thereof. The present embodiment is therefore to be consid- 
ered in all respects as illustrative and not restrictive, the 
scope of the invention being indicated by the appended 
claims rather than by the foregoing description, and all 
changes which come within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 

What is claimed and desired to be secured by Letters 
Patent is: 

1. A substantially planar, layered photon sensor plate and 
light source combination, said combination being used for 
producing a filmless photon image comprising a digital array 
of pixels, said combination comprising: 
the plate comprising: 

a plurality of layers comprising in seriatim: 
a first layer, having an exposed external flat surface, 
which is electrically conductive and at least trans- 
parent to light frequencies used to excite a pho- 
tooonductive layen 
an insulating layer in physical contact with the first 
layer; 

the photoconductive layer in which a latent form of 

the image is stored; 
a blocking layer; 
a second conductive layer, 
said first layer comprising at least three elongated, 
conductive segments linearly disposed along one 
dimension of said plate, each segment being dis- 
placed and electrically isolated one firom the other; 
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one electrical output from each segmeot; a semi-traDSparent electrically conducting layer iaferiorly 

a plurality of electrical pre-amplifiers for amplifying disposed upon said third bottom side. 

signals from the segments; 13. A dual-energy radiography sensor plate according to 

means, for multiplexing signals through the electrical claim 12 further comprising a plurality of electrical oonnec- 

outputs from preselected adjoining segments such 5 ^ots upon the electrically conducting layers and x-ray 

that at least signals emanating from pixels resident absorbing plate for the purpose of transmitting sensor 

on a portion of each adjoining segment and pixels detected signals to an miagc proccssmg system, 

disposed between the segments are processed 14 A dual-energy radiography sensor pkte 

through at least one preamplifier; ""^V^. ^ ^^'^"^ pboiocooducuve layer compnses 

electrical pathway and connection means for transmit- lO ^f^^f^j , i. i* .j- . 

i £ J • t r - » * 15. A dual-energy radiography sensor plate accordmg to 

ting amplified signals for processing external to the ^ wherein Mid se^nd photoconductive layer c5m- 

. plate; and prises selenium, 

said light source comprising at least two light beams for 16. A dual-energy radiography sensor plate according to 

simultaneously applying separate pixel sized rays of claim 12 wherein said electrically insulating layers each 

light to said first layer for the purpose of concurrently comprise a layer of a polymer. 

reading a plurality of pixels from said plate, said beams 17. A dual-energy radiography sensor plate according to 

being displaced substantially in the direction of the one claim 12 further comprising a pair of intensifying screens, 

dimension to read pixels in seriatim from said plate. with one screen disposed against an exterior surface of each 

2. A combination according to claim 1 wherein each semi-transparent electrically conducting layer. 

segment comprises a singular connection to an elearical 20 ig. a method fior making a filmless, dual-energy radiog- 

prc-amplifier. raphy sensor plate by which three x-ray images, comprising 

3. A combination according to claim 1 wherein each a standard x-ray image, a high energy image of mostly bone 
segment comprises a connection to the signal multiplexing mass and an image provided by subtracting the standard 
means. image from the high energy image, are derived comprising 

4. A combination according to claim 1 wherein said 25 the following steps: 

second conductive layer comprises aluminum. providing an electrically conductive, x-ray absorbing 

5. A combination according to claim 4 wherein said layer having a top side and a bottom side and a 
second conductive layer and said blocking layer comprise predetermined thickness, said thickness providing a 
aluminum and aluminum oxide, respectively and are formed means for separating higher energy x-rays from lower 
by the same part. 30 energy x-rays; 

6. A combination according to claim 1 wherein said each top side and bottom side comprising a blocking layer 
photocooductive layer comprises amorphous selenium. component; 

7. A combination according to claim 6 wherein said applying a fii^t photoconductive layer to said top side to 
amorphous selemum layer has a thickness m the range of 10 produce a second top side; 

to 500 microns. » • ^ . . a . applying an electrically insulating layer upon said second 

8. A combmation according to claim 1 wherein said first ''^^^ f^^ ^ ^^^^ *~ 

layer comprises mdium tin oxide. , . . . i 

9. A combination according to claim 8 wherein said applymg a semi-l^ansparent electncaUy conducUng layer 

insulating layer is a polymer. ^P°° ^^V^^f ' . • , 

10. A combination according to claim 1 further compris- 40 applymg a second photoconducUvc layer to said bottom 
ing an intensifying screen disposed to cover the exposed ^^^^ P^^^^^ ^ ^^"^ s^^^' 

external surface of the first layer. applymg an electricaUy insulating layer to said second 

U. A combination according to claim 1 further compris- bottom side to form a third bottom side; and 

ing a calibration pattern disposed as an integral part of the applying a semi-transparent elecuically conducting layer 

plate. 45 inferiorly upon said third bottom side. 

12. Adual-energy radiography sensor plate by which three 1^^- A method according to claim 18 further comprising 

x-ray images, comprising a standard x-ray image, a high steps of peripherally disposing a plurality of electrical 

energy image which, as an example, may be the result of connectors upon the electrically conducting layers and x-ray 

imaging mostly bone mass and an image provided by absorbing layer for the purpose of transmitting sensor 

calculating the difference between the standard image from 50 detected signals to an image processing system, 

the high energy image, are derived, the sensor plate com- 20. A method according to claim 18 wherein said applying 

prising: steps comprise vacuum depositing of material. 

an electrically conductive, x-ray absorbing plate having a 21. A method according to claim 18 wherein said first 

top side and a bottom side and a predetermined photoconductive layer applying step comprises applying a 

thickness, said thickness providing a means for sepa- *^y^^ selenium. 

rating higher energy x-rays from lower energy x-rays; ^2. A method according to claim 18 wherein said second 

a first photoconductive layer superioriy disposed to said Photoconductive layer applying step comprises applying a 

top side to produce a second top side; ^^-f^A .^IT' «i' ♦ i • ib k • -^i 

.. . . , . 23. A method accordmg to claim 18 wherem said elec- 
an electncally insulatmg layer disposed upon said second ^ ^^^^ insulating applying steps comprise applying a poly- 
top side to form a third top side; ^ ^ vv j & v v w j & v j 

a semi-transparent electrically conducfing layer disposed 24. A method according to claim 18 further comprising a 

upon said third top side; ^lep for constructing said sensor whereby planar outside 

a second photoconductive layer disposed inferiorly to said surfaces of said sensor are accessible to be read independent 

bottom side to produce a second bottom side; 65 of one another. 

an electrically insulating layer inferiorly disposed to said 25. A method according to daim 18 further comprising 

second bottom side to form a third bottom side; and steps for segmenting each of said semi-transparent electri- 



11/10/2003, EAST Version: 1.4.1 



5,986,278 



29 



30 



cally conducting layers into at least three like segments each 
juxtaposed the other, each segment being electrically iso- 
lated from each of the other segments. 

26. A method according to claim 25 comprising additional 
steps providing one electrical output from each segment. 5 

27. A method according to claim 25 comprising mounting, 
directly upon the plate, a plurality of electrical prc-amplificrs 
for amplifying signals from the segments. 

28. A method according to claim 27 comprising also 
mounting, directly upon the plate, means for multiplexing lO 
signals through the electrical outputs from preselected 
adjoining segments such that at least signals emanating from 
pixels resident on a portion of each adjoining segment and 
pixels disposed between the segments are processed through 

at least one preamplifier. 15 

29. A metiiod according to claim 25 further comprising 
the step of making a connection between each segment and 
one electrical pre-amplifier. 

30. A method according to claim 25 comprising the 
additional step of making a connection between each seg- 20 
ment and a signal multiplexing means. 

31. A method according to claim 18 comprising the step 
of adding an electrical connector to the plate. 

32. A method according to claim 18 comprising a step of 
making each pbotoconductive layer out of amorphous sele- 25 
nium. 

33. A method according to claim 32 comprising a step of 
selectively limiting the thidoiess of each pbotoconductive 
layer to be within a rangp of 10 to 500 microns. 

34. An electrical system for processing signals from a 30 
segmented plate without appreciable degradation at segmen- 
tation interfaces, said system comprising: 

a substantially planar, layered photon sensor plate having 
two flat exterior surfaces, said plate being used for 
producing a filmiess photon image comprising a digital 
array of pixels, said plate comprising: 
a plurality of layers comprising in seriatim: 
a first layer, having an ambient exposed surface, 
which is electrically conductive and at least trans- 
parent to light frequencies used to excite a pho- ^ 
toconductive layer; 
an insulating layer in physical contact with the first 
layer; 

the pbotoconductive layer in which a latent form of 

the image is stored; *5 
a blocking layer; 
a second conductive layer; 
said first layer comprising at least three elongated, 
planar segments linearly di^sed along one dimen- 
sion of said sensor plate, each segment being elec- 
trically isolated from each of the other segments; 
one electrical output from each segment; 
a scannable light source comprising a plurality of emitted 
photon beams which scan said plate in substantially the 
direction of said one dimension; 
a plurality of electrical pre-amplifiers for amplifying 
signals from the segments; and 
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a multiplexing circuit which selectively joins electrical 
lines carrying signals from preselected adjoining seg- 
ments such that signals emanating from pixels resident 
on a portion of each adjoining segment and pixels 
disposed between the segments are processed through 
a common preamplifier. 
35. A method for acquiring signals from a segmented 
plate, without incurring appreciable degradation at segmen- 
tation interfaces, comprising the steps of: 

(a) providing an electrical system for processing signals 
from a segmented plate comprising: 

a substantially planar, layered photon sensor plate 
having two flat exterior surfaces, said plate being 
used for producing a filmiess photon image compris- 
ing a digital array of pixels, said plate comprising: 
a phirality of layers comprising in seriatim: 

a first layer, having an ambient exposed surface, 
which is electrically conductive and at least 
transparent to light fiequcncies used to excite a 
pbotoconductive layer, 
an insulating layer in physical contact with the 
first layer; 

the pbotoconductive layer in which a latent form 
of the image is stored; 

a blocking layer; 

a second conductive layer; 
said first layer comprising at least three segments 
each being electrically isolated from all adjacent 
segments by an intersticial non-conducting 
boundary, said segments being referenced in 
adjoining sequence by numbers one, two and 
three; 

one electrical output from each segment; 

a plurality of electrical pre-amplifiers for ampli- 
fying signals from the segments; 

a means for multiplexing outputs signals emitted 
from each of said segments; 

(b) connecting segment two to one of the other two 
segments, for example connecting segment two to 
segment one; 

(c) scanning across interstitial boundary between segment 
one and segment two while said segments are inter- 
connected; 

(d) thereafter disconnecting segment one from segment 
two while a portion of segment two only is being 
scanned and thereafter connecting segment two to 
segment three before the interstitial boundary between 
segment two and segment three is scanned; 

(e) scanning across interstitial boundary between segment 
two and segment three while said segments are inter- 
connected; 

(Q thereafter, disconnecting segment two from segment 
three and repeating step (b). 
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